1. Introduction {#sec1}
===============

Cancer survivors often live with comorbidities including chronic pain, depression, or other associated chronic conditions \[[@bib1], [@bib2]\]. With increasing aging and growing populations, the incidence of cancer is growing worldwide \[[@bib3], [@bib4]\]. Furthermore, cancer survivorship and related life expectancy has also improved over the last decade due to advancements in diagnosis and treatment. However, with these improvements comes an increased prevalence of cancer survivors living with chronic pain such as neuropathy, post-surgical pain, osteoradionecrosis, or arthralgias \[[@bib1]\].

Chronic pain is defined as persistent pain lasting at least three months beyond the period of normal healing following trauma and/or injury \[[@bib5], [@bib6], [@bib7]\]. The management of chronic pain remains a challenging and complex process involving pharmacologic, physical, occupational, and psychological factors \[[@bib1]\]. Therefore, chronic pain management relies on a multidisciplinary approach using different modalities that focus on both comfort and function \[[@bib1]\].

Typically, pharmaceutical interventions such as acetaminophen and NSAIDs, as well as opioids, are used to enhance comfort in cancer-related chronic pain \[[@bib1], [@bib2], [@bib5]\]. Beyond medication, rehabilitation approaches, including physical and occupational therapy, and psychological approaches are used to improve function, overcome activity limitations, and help manage chronic pain. Technology-augmented approaches to engage patients in such interventions seems a promising new field \[[@bib8], [@bib9], [@bib10]\].

In particular, virtual reality (VR) has been recently researched for pain management applications \[[@bib8], [@bib9]\]. The purpose of VR technology is to provide users with sense of presence within a simulated environment---they feel like they are there. This is typically accomplished using computer-simulated environments, binocular headsets, and motion tracking to produce an immersive experience.

VR approaches may be considered as an additional psychological strategy and has been used successfully in the treatment of acute pain \[[@bib8], [@bib11], [@bib12], [@bib13], [@bib14]\] and more recently has also been studied as an adjunctive measure in the management of chronic pain \[[@bib15], [@bib16]\]. However, it remains unclear which aspects of VR-based adjunctive pain therapy work and don\'t work for chronic pain in this population. As a rapidly developing field, understanding how VR health interventions fit within such complex care contexts is required to ensure the effective adoption of VR into pain management programs.

Cognitive distraction is a common strategy for controlling pain and relies on competing cognitive resources, i.e. attention, to reduce the perception of pain \[[@bib17], [@bib18]\]. Therefore, immersive VR interventions using stereoscopic 3D headsets have been proposed as powerful distractors that require visual, audio, cognitive, and emotional engagement from the user \[[@bib19], [@bib20], [@bib21]\]. However, such usage of VR for pain control have typically focused on acute pain; the effectiveness of VR interventions for chronic pain remains unclear \[[@bib9]\].

Another approach valued by some patients is mindfulness meditation for chronic pain management. Mindfulness meditation is a psychological technique that requires intentional and non-judgmental awareness of pain and conscious relaxation to support its acceptance and help reduce its impact \[[@bib22], [@bib23]\]. Reported effect sizes for this technique have been typically mild to moderate \[[@bib10], [@bib24]\]. Moreover, adherence to mindfulness meditation may be challenging in self-directed contexts \[[@bib10]\]. Within this context, combining mindfulness meditation within a VR intervention may help support acceptance and adherence to the practice while having a synergistic effect on pain reduction through immersive VR distraction \[[@bib25], [@bib26]\].

However, greater specificity is required in identifying the nature of any therapeutic effects, the usability characteristics of the hardware and software, and optimal design characteristics of VR interventions for supporting chronic pain patients in pain management. Our early pilot work has demonstrated some indications of efficacy with this approach \[[@bib15], [@bib16]\] and we are currently conducting a randomized controlled trial (RCT) to explore the efficacy of daily adjunctive VR as a therapeutic tool in cancer chronic pain (clinicaltrials.gov: NCT 02995434). However, the effectiveness of providing cancer patients experiencing chronic pain with VR-based adjunctive therapy relies on more than just the reported analgesic effects. Effectiveness of such technological strategies is contingent on users\' personal acceptance and sustained adoption of them. This can be challenging, particularly in older adult populations where technology usage may be low \[[@bib27], [@bib28]\]. As with technology products generally, a satisfying, or at least non-frustrating, user experience is therefore crucial for sustained usage of VR interventions in health. User experience, as a construct, broadly encompasses aspects such as usability, utility, accessibility, and value \[[@bib29], [@bib30]\]. For the particular approach of using VR for chronic pain management in cancer patients, it remains unclear what elements of the physical system and digital content support or detract from these aspects of users\' personal experiences. Moreover, as pain management is highly individualized, we expect some heterogeneity in user experiences. We may consider that people use health technologies in different ways, hold different values, and experience pain differently. Therefore, there is a need to understand "what works for different people" in this population.

To address this gap, we conducted a qualitative study using focus groups with participants who had chronic pain associated with a cancer diagnosis and were participants from an ongoing randomized controlled trial (clinicaltrials.gov: NCT 02995434), to better understand their experiences and help inform future design. Therefore, the purpose of this research was to:1)explore the experiences of individuals with chronic pain associated with a cancer diagnosis in using a daily VR-based self-administered home therapy for one month as an adjunctive measure to help manage pain,2)determine their perceptions of the value of such VR therapy, and3)evaluate the effects of VR interventions based upon either cognitive problem-solving or mindfulness and relaxation in providing relief from pain as well as the aspects that supported or detracted from pain management.

2. Methods {#sec2}
==========

This study was conducted in Vancouver, British Columbia, Canada as one element of a larger RCT study (clinicaltrials.gov, NCT 02995434) to investigate the efficacy of VR interventions as a practical therapeutic intervention in the self-management of the chronic pain associated with cancer. The trial is two-armed and participant-blinded, using the term "immersive multimedia" to obfuscate group assignment. Participants are randomly assigned to either a VR experimental group or a non-VR (laptop with 2-dimensional display) control group to engage with a randomized series of four interventions: two based on cognitive engagement and two based on mindfulness meditation. Each intervention requires 30 min of activity per day for six days, totalling four weeks of participation. Outcome measures for the RCT include daily pain scores using the Visual Analogue Scale \[[@bib31]\], weekly neuropathic pain and health quality scores, using the McGill Pain Questionnaire \[[@bib32]\] and the Health Survey Short Form (SF-12) \[[@bib33]\], and also sleep quality using the Pittsburgh Sleep Quality Index \[[@bib34]\]. This currently ongoing work will inform further clinical studies and future research into the potential uses of VR in the treatment of cancer associated pain. For the focus group, purposeful convenience sampling was used to recruit participants following their VR experiences.

2.1. Materials {#sec2.1}
--------------

Two of the VR interventions that the participants were exposed to as a part of the RCT used contemplative mindfulness-based environments, whilst the other two used cognitive problem-solving environments. The interventions used are described in [Table 1](#tbl1){ref-type="table"}.Table 1VR interventions used.Table 1Contemplative/MindfulnessVirtual Meditative WalkThe Participant walks through a forest with relaxing music and audio cues to assist personal contemplation, and relaxation. This was a custom designed environment produced by Dr. Diane Gromala\'s Interactive Media Laboratory at Simon Fraser University.WildFlowersDeveloped by Mobio Interactive Inc in Toronto as a patient centred VR relaxation application. It involves the participant flying as a butterfly through a virtual environment and completing meditations.CognitiveCarpe LucemDeveloped by Hammer Labs. The participant completes 3D puzzles in a relaxing environment.ObductionA sci-fi adventure game developed by Cyan. The participant explores an alien world and completes puzzles to move forward in the storyline.

The order of the experiences was randomized per participant to avoid any cumulative sequencing effects, and participants experienced the VR for 45 min in their home through an HTC Vive stereoscopic headset running from a personal computer designed to support a high-quality VR experience.

2.2. Approach {#sec2.2}
-------------

This study used a qualitative inductive approach using the interpretative description (ID) method to explore experiences of participants who had used VR interventions as a part of the larger RCT. The purpose of ID is to generate new knowledge and understanding of clinical phenomena by exploring patients\' personal experiences \[[@bib35]\]. Under this method, sampling is informed by the phenomenon of interest, the state of the science underpinning the area of study, and the level of theoretical development. Therefore, the ID method is particularly suited for addressing the goals of understanding chronic pain cancer patients' experiences with novel VR-based pain interventions. This study used focus group interviews as the importance of the group interview method of data collection is clearly understood and valued within the context of ID. ID uses an inductive constant-comparative approach to analysing data, going from data collection, analysis, and back to data collection to elicit a rich understanding of the personal impact of the clinical phenomena being explored.

2.3. Sample {#sec2.3}
-----------

Following ethical approval from the University of British Columbia (UBC) Behavioural Research Ethics Board, participants who completed the VR arm of the RCT study were sent an initial letter inviting them to participate in one of two one-hour focus groups. Eligibility criteria for the RCT included:•over age 16, past or current diagnosis of cancer•past or current treatment with standard care cancer therapies•experiencing chronic pain (ongoing daily pain ≥3 months with Neuropathic Pain Rating Scale ≥4)•able to understand the English language (read and write)•normal stereoscopic vision•readily able to move head up, down, left, and right, and able to wear a headset•have fine motor control in one hand sufficient to use a game controller•have space at home for a computer and monitor

A total of 23 participants were invited, with 12 completing the focus group. The study complied with all the required ethical regulations and informed consent was obtained before proceeding to interview the participants. [Table 2](#tbl2){ref-type="table"} summarizes the sample characteristics of the 12 participants.Table 2Sample characteristics of participants.Table 2DemographicFocus Group 1Focus Group 2No. of participants57Male/Female/Undisclosed3/13/3/1Age in years, median (range)59 (37--62)58 (45--73)Average pain score in VAS, median (range)4 (3--7)6 (2.5--8)Experience with VR None44 Once13Experience with Gaming None12 Little13 Some21 Extensive11Pain Characteristics Neuropathy33 Fibromyalgia2- Pain in Surgical Area-2 Non-specific/general-2Type of Cancer Abdominal1- Breast2- Bone-1 Colon-2 Kidney-1 Lung-2 Non-Hodgkin\'s Lymphoma1- Throat11

2.4. Focus groups {#sec2.4}
-----------------

Two mini focus groups addressing the topics of participants\' experiences and perceptions of the use of VR conducted on August 14, 2018 (n = 6) and March 26, 2019 (n = 7). Both focus groups were facilitated by the Principal Investigator Dr. Bernie Garrett, an experienced professor and researcher at the University of British Columbia with the support of two graduate research assistants, conducted in English, and lasting approximately 60 min each. Focus groups were selected as they support social interaction and interchange between participants and the co-construction of meaning of a shared experience. This was seen as a highly-desirable aspect of the method, to help establish the nature of the experience in meaningful personal terms \[[@bib53], [@bib54]\]. The first group was conducted in person at the University, whilst the second group was video conferenced as a majority of the participants were widely dispersed. As all of the participants were chronic cancer pain patients, many had mobility issues and hence an online format was used for those who could not travel. Both were recorded using GoToMeeting videoconferencing software (V. 8.45.2, LogMeIn Inc., Boston, USA). Online focus groups are now well-established and validated as social-research tools \[[@bib55], [@bib56]\]. However, it was recognized that the different medium used between the two groups may have influenced the data collection and results. Therefore, steps were taken to ensure that the interviews across the two groups were as identical as possible. In the online focus group all participants could see and hear each other and the researchers on their screens in order to maximize non-verbal interaction. The interview was led by Dr Bernie Garrett. Basic demographic information such as age, gender, gaming experience, chronic pain status, and cancer diagnosis status were initially recorded, and a semi-structured interview guide was used, covering topics including participants' experiences with and perspectives on using VR for chronic pain control, both generally, and specific to their own circumstances ([Table 3](#tbl3){ref-type="table"}). The interview followed this sequence of structured questions with group discussion of each, until no new information was being elicited. The focus groups were transcribed verbatim by two graduate research assistants following the recording.Table 3Guide questions.Table 3CategoryGuide Questions1General Experience with VR•Tell me about your experience with using VR.•Are there any other points you would like to discuss about your experience using VR?2Pain Control•How useful did you find the VR experiences in managing your pain? If yes, how so?•Which of the VR environments did you find most useful/worked best for your pain?•Which of the VR environments did you find the least useful/worked least for your pain?3Other Benefits•What sort of benefits did you get out of using VR?•Did the VR help with your sleep in any way?•Did the VR help with your mobility in any way?4Adverse Effects•Did you experience any physical problems from using the VR? (probe: headache, nausea)5Support Required•What would you put off using VR in the future?•What would encourage you to using VR in the future?•What sort of support did you need to use the VR environments effectively?•Was there sufficient help for you to use the VR environments?

2.5. Analysis {#sec2.5}
-------------

The ID approach involved concurrent data collection, and constant comparative analysis of the material as it was transcribed to interpret it. The analysis of focus group data involves balancing individual voices with group dynamics, and listening carefully to group consensus vs. augmentative interactions, comparing inter-group and intra-group differences \[[@bib53], [@bib54], [@bib55]\]. Hence, a detailed iterative content analysis of the focus group transcripts and videos was also undertaken using established guidelines \[[@bib36]\]. Transcripts from both focus groups (including memos from the researchers) were entered into Nvivo 12 qualitative data analysis software which was then distributed to four researchers for independent analysis. The content was then read, and notes were made on the general themes arising from the data. This process is known as *decontextualization* of the data to create meaningful units of content and code them with identifiers \[[@bib38]\].

The transcript was then examined again by the researchers who constructed as many codes as necessary to describe all aspects of the content (open coding) using annotations in Nvivo to describe their meaning. At this point the different codings were sent back to the primary researcher, who then amalgamated the codes into a single file. It was evident at this point that the number of codes arising from the data reflected a range of similar and differing thematic elements and conceptualizations. Two of the researchers then went back through the transcript in a second stage of *recontextualization* to condense relevant content, recode and merge duplicate items. They excluded irrelevant and unusable material or "dross" acknowledging that as part of the ID process \[[@bib37], [@bib38]\]. It is the researchers who ultimately decide on the relevance of the material \[[@bib39]\]. Each code and associated text was then examined again by the primary researcher two more times, continuing until the transcript had been completely re-examined and coding refined. In this penultimate *categorization* phase, a cataloguing of emerging themes, conceptualizations relationships their and associated codes was created, condensing meaning units together into a single framework. This was then reviewed by the three other researchers who provided further feedback and revisions in a final *compilation* phase, resulting in the final hierarchical framework. Their commentary and revisions were used to create the final consensus of codes, relationships, and meanings to reflect both the actual words of the participants and the underlying meanings of them. The facilitator\'s separate questions and comments were not coded to eliminate contamination of the data and minimize risk of bias.

3. Results {#sec3}
==========

Five major thematic categories and 23 sub-categories emerged in the analysis process reflecting the participants' narrative ([Table 4](#tbl4){ref-type="table"}). A supplemental file of the full data in Nvivo V.11 format (VR Focus Group Data.nvp) is available from the journal website. The results are presented according to the most significant content areas in terms of frequency of responses, and overall positive or negative characteristics identified in the context of the a priori study aims.Table 4Overview of major themes and sub-themes identified.Table 4Major Thematic CategorySubtheme (positive)Subtheme (negative)Activities (99)•Contemplative (47)•Cognitive Challenge (26)•Design (7)•Contemplative (2)•Cognitive Challenge (8)•Design (6)Usability (90)•Accessibility (13)•Practical Limitations (77)Effects (84)•Decreased Pain (20)•Emotional response (17)•Sleep (3)•Effects Over time (3)•Mobility (2)•Cybersickness (13)•Emotional response (13)•Increased Pain (6)•Eye Strain (3)•Sleep (1)Mode of Action (44)•Relaxation (17)•Distraction (16)•Immersion (5)•Presence (3)•Immersion (1)Technical Aspects (22)•Technical Support (7)•Visual (6)•Audio (4)•Technical Support (3)[^1]

Details of the thematic categories are described and quotes are accompanied by a code to indicate the focus group and respondent. For example, FG1-2 is participant number two from focus group one.

3.1. VR activities {#sec3.1}
------------------

Discussion of participants' experiences with each VR intervention represented the most dominant theme. This theme encompassed the four interventions representing two approaches of pain management: cognitive engagement and mindfulness meditation. Most participants (8 of 12) expressed positive responses to the two meditation interventions (Wildflowers and the VMW), with Wildflowers being the most popular of the two:

FG1-3"In the Wildflowers, there was the one meditation though that told you to pay attention to where your pain was at that moment, or where there wasn\'t some pain, pay attention to that and feel what it was like, and then go to the other place where there was pain -- I found that really useful."

FG2-5"But I would actually come in and put that Meditative Walk on in the day, just to help. That\'s how much I enjoyed that."

The two cognitive engagement interventions were also positively received, but by fewer participants (7 of 12). Overall, they were less popular than the contemplative interventions, and of these, Carpe Lucem (the 3D light puzzle) was more popular than Obduction:

FG1-4"I mean, for me, obviously with what we\'ve been chatting about, Carpe Lucem was on the top of my list for pain control."

Several comments (7) also reflected that participants found these interventions frustrating, particularly the problem-solving escape game (Obduction) as it was seen as overly complex:

FG2-5"Then the pipe one \[Carpe Lucem\] was\... unless I cheated, it was\... It was pretty hard on the brain!"

FG2-2"I found that the game portion was very frustrating, because, particularly in Obduction, you have to follow, or try to follow the rules or try to find a way to get to the next part... and I think it gave me more pain when I just couldn\'t do it."

FG2-3"So it would be better if it was an uplifting story, with beautiful scenery instead of this like deserted, empty, scary\... That doesn\'t really add to the cancer experience, to have to go through an activity that is dealing with stuff like that. It would be better if the story was something uplifting or whatever."

However, two other participants liked the complex and detailed rendering of the other worldly environment in that experience:

FG2-5"You can look around and just\... Obduction is so beautiful but hard to do."

Some participants emphasised the value of those interventions that had an open environment that they could go and explore, rather than being restricted to one location or path. The different personal preferences for design prompted a couple participants to comment on the value of having more choice in their selected experience, for example:

FG2-5"Most of us here I would assume spend a lot of our effort and time in the day trying to escape from pain, and in a variety of ways, so this is a tool that we could use. Especially in the future, you could have thousands of different situations that you could immerse yourself in, for as much time as you want in the day."

3.2. Usability {#sec3.2}
--------------

The next theme that emerged focused on the usability of the VR equipment and interventions. The majority of this discussion (76 comments) focused on ergonomic limitations and limitations of current VR technology. Nearly all of the participants reported physical limitations of the equipment, particularly in terms of seated or standing position discomfort while using the VR equipment, discomfort when using glasses, and discomfort due to the headset weight. Many participants (8) felt that sitting or standing for half an hour was problematic for them, and several reported strategies to make the system more comfortable:

FG1-4"On problem I came across was the seating limitation. It\'s\... at least for my experience, I found that it was very uncomfortable... I actually tried to use a different chair or different cushion. But I found that not being able to stand for long periods of times created this limitation, because I had to be seated."

FG2-6"I just thought it was important to have a comfortable chair to make sure that - because I have leg issues, so you have to start off with a comfortable chair, because after a half an hour, if you\'re sitting on a stool, the pain can be worse. So I made sure I had a pillow and my heat blanket."

Eight participants commented on the weight of the headset, and three of them noted that a cordless headset would help considerably, whilst seven comments reflected problems wearing eyeglasses inside the headset. This was also reflected in discussion of the negative effects of the VR system:

FG2-4"I found that the headset was really quite heavy, which actually affected my neck."

FG2-4"Because I had to stick my glasses in the VR headset, then put the VR headset on, and so I found that was kind of a functional limitation, a physical limitation."

FG1-4"I found that I had to reposition the towers, they\'re very sensitive, and I had to recalibrate a few times in order to really get the space down... It\'s very... right now it\'s very kind of marshmallowy. If you touch it, it changes."

Lastly, in this theme, several participants commented positively about the accessibility of VR technology for use in primary care settings. However, some felt that the current price of the VR system may prove a barrier:

FG2-4"Yeah, so I didn\'t have to go anywhere, and sometimes if I was down, or had a really bad day or you know, I could go on there and I could choose, you know? And my brain could check into that instead of into pain. I really liked that I didn\'t have to go straight to the hospital to do the project."

3.3. Effects of the VR experience {#sec3.3}
---------------------------------

The effects of the VR experience theme included both effects on pain and effects on other aspects of participants' lives. Overall the results were mixed, although the majority of participants reported positive experiences. The most common effect reported was that VR was beneficial in their pain management, with 20 comments reflecting this:

FG1-2"I also looked forward to my sessions every day. Because I actually would get to the point where I was in the game and I realized I had no pain. And it was like, wow! I\'m not only enjoying myself, but I actually have no pain!"

FG1-4"Honestly, I could play that for hours and not think about my pain and... I mean, I got to about an hour, and then at that point my body was like, okay, pain centres come back up."

Nevertheless, others (4) found no benefits for their pain management and even reported some experiences exacerbated their pain:

FG2-4"I found that - I\'m not sure which one, one of the talking ones - where they got you to focus on your pain \[VMW\]. I found that that made my pain much worse, and I think part way through I actually stopped doing it and went to a different one to do my 30 min a day, because the pain was just so aggravated by concentrating on it."

An emotional response seemed to be triggered in many participants with a mainly positive effect (17) but also some negative responses (13). The positive responses reflected enjoyment and relaxation, whilst the negative ones focused on frustration (with the cognitive challenge activities), depression, confusion, and fear:

FG1-1"I just found it completely and utterly fascinating, and begged them to leave the equipment with me!"

FG2-1"I\'m very pleased with the fact that I\'m not afraid anymore. I\'m not afraid of my pain. That\'s what I got out of all of this."

FG2-3"The meditation was great, the scenery was beautiful, and the scenery in the other one with the ocean scenes and that, that was relaxing, beautiful. Those were good."

FG1-2"The alien world \[Obduction\] I found actually kind of disconcerting, and... wasn\'t as... \[useful\], very frustrating and disturbing to me."

The next most frequent items reflected the negative effects of motion sickness induced by VR (known as cybersickness). Comments from 13 participants reflected this problem, predominantly in the Wildflowers intervention (as it involved flying). However, all those who reported cybersickness indicated that they developed some tolerance to it; others suggested strategies to avoid it:

FG2-2"The butterfly \[Wildflowers\], that made me nauseous. I couldn\'t do it, I couldn\'t control the butterfly flying around, and it was making me sick."

FG1-3"I had to close my eyes a lot of times to stop... it was the flying one... it was okay once I got used to how to handle moving, but it was getting used to how I was supposed to move and not go so fast."

Finally, the majority of participants did not report any significant effects lasting after the VR experience. However, five comments suggested some short-term effects of the of the experience:

FG1-2"It was about 30 min... that I felt sort of calmer and more relaxed, and just... you\'d felt like you\'d had a break from the pain."

FG1-4"I felt the analgesic effect last -- persisted beyond the virtual reality environment but it didn\'t last as long as say a medication or like a true analgesic. But I found the effect would last or persist for maybe a half hour or an hour after. So just because it gave me something to refocus my mind and actually put my logic to use and tire my brain out, so that I\'m not strictly focused on my pain all the time. And so it gave me an opportunity to dodge it for an hour or two once I was done, and it kept me in that zone. But I didn\'t find that it lasted 4 h or 5 h, it was more like 30 min to an hour."

Other comments in terms of longer-term results reflected the effects of the VR experience on sleep and mobility. Although the majority did not observe any improvement in their sleep or mobility patterns, with one indicating that the VR possibly disrupted their falling asleep sometimes, four participants reported some effects on these aspects:

FG1-1"...I found I slept much better after when I did VR. And especially those two programs \[the relaxation focused interventions\]. So I was very thankful for that."

FG1-4"With the slight analgesic effect yes, mobility was increased somewhat... When I\'m in pain I\'m less mobile, whereas with the VR headset, when I was done the VR, I was thinking about my pain less."

Finally, in this category, three participants indicated they noticed eye strain after about 30--40 min:

FG2-5"For me, half an hour is long enough. In actual fact, I did have eye strain after about 20 min and I needed to remove the glasses from my head and take a break. So it did bother me, with the eyes."

3.4. Mode of action {#sec3.4}
-------------------

Another significant topic of discussion explored how the VR experience worked in terms of helping with pain management. Most comments reflected that relaxation (17) and distraction (16) appeared to be the most significant factors:

FG2-1"I found that the meditation part was good, it sort of got me into the relaxation of the body. I found the games more distracting and actually, while I was trying to figure out the games, I forgot about my pain."

FG1-2"But what really surprised me was that I loved the last one! The light beam one. Like that just really... like, I was even more relaxed doing that than I was with the meditation. And that\'s the one I went back to again and again."

FG1-5"The problem-solving apps caused me to think about the situation and took my mind off the pain."

In considering what aspects of VR helped achieve this, the topics of immersion (technical aspects of VR designed to present data in a natural encompassing way that promotes engagement with it) and presence (feeling they were actually in the environment) were cited.

FG1-4"You actually felt like you had contact with this virtual environment and could influence that virtual environment."

FG2-4"One of the things that I found too, before I had bone cancer I was very active. I was hiking, I was always into rock climbing, sports, things like that. So, for me to be able to like virtually go to, like\... I would just go and check and explore something and watch the water. I really enjoyed that part, it took me to places that I just relate to from my climbing days."

3.5. Technical aspects {#sec3.5}
----------------------

The last thematic category reflects comments about the technology and how it impacted the users' experience. Seven comments reflected the need for good technical support. Three participants noted that they had good technical support during the project but five indicated a perceived need for good support when implementing VR interventions at home, which was linked to the current early stage of VR development and complexity of VR equipment:

FG1-1"I just want it to work and I don\'t know how to fix things like that. So, it\'s something that I would absolutely educate myself on and want somebody that I could reach out to if I was having problems."

Five comments pertained to issues with the visual aspects of VR that negatively affected the participants sense of immersion at times, and four that the audio was an important part of the experience:

FG1-4"I found that some of the sprites or some of the grass, for example, looked very fake, and it was harder to get into from a technical perspective."

FG1-5"It\'s that background beat \[rhythmic music\], that just\... fits my brain so well. You know, as he\'s talking, the\... Yeah, it\'s amazing. I found that so good."

4. Discussion {#sec4}
=============

Similar to other research, this study confirms that some people find benefits from the use of VR as an adjective therapy in helping manage their pain, whilst others do not. These mixed effects are consistent with reports using adjunctive therapies for chronic pain management and reflect the complex psychological aspects as well as highly personal nature of different forms of chronic pain \[[@bib1], [@bib2], [@bib5]\]. Some participants reported substantial changes in pain during the use of VR, whereas others perceived no effect \[[@bib15], [@bib24], [@bib40]\].

Overall, participants appeared split into two categories of preference for type of VR intervention. Most liked either the contemplative meditative environments or the environments that required cognitive engagement to solve problems. Only two participants reported that they liked both approaches, suggesting a "one size fits all" approach to developing therapeutic VR environments for pain management is unlikely to be productive. To narrow the potential landscape of VR environments, however, other work along with participants' comments in this study suggests that pain patients find meditative and cognitive engagement approaches most valuable \[[@bib15], [@bib41], [@bib42], [@bib43]\]. Therefore, the development of VR applications using these two different approaches while including a diversity of environments may be more fruitful.

Design of VR for pain applications also requires careful consideration of patients' values and needs in terms of user experience. Some users found one particular VR experience (the problem-solving game, Obduction) depressing and suggested this aggravated their pain. As most current VR applications are designed for the recreational market, many are unsuitable for pain applications, e.g. first-person shooter games or horror survival games that make up the majority of commercial titles. It is important that VR designs for pain management offer a satisfying and non-frustrating experience. Designs that incorporate positive environments, natural elements and soundscapes may be more effective \[[@bib44], [@bib45], [@bib46]\]. Visual problems with some designs were also noted by some participants, such as the unrealistic grass movement in the VMW detracting from the immersive experience. Applications that offer separate meditative and cognitive engagement experiences may be more appealing. As well, applications that work at room-scale (walking VR), lying down, or in sitting positions would provide flexibility for patients to engage in their most comfortable position. Involving a variety of chronic pain patients in patient-centered design is more likely to result in effective designs that promote user engagement \[[@bib47]\]. Many experimental designs exploring VR in pain applications focus upon artificially induced pain in healthy participants \[[@bib8], [@bib13]\]. However, involving real-world chronic pain patients as end-users in the design of VR products that account for their experience, needs, and values is essential to maximize the utility of these applications, as their lived experiences of pain are very different from healthy adults.

In terms of quality of life, the reported effects of VR were inconclusive. Some participants indicated an improved sense of mobility and that being able to walk again in VR had psychological benefits potentially extending beyond the therapy. Likewise, some reported sleep benefits, but for most, no changes in these aspects of their lives was evident. The effects on pain were transient and appeared to last from immediately after the VR experience to half an hour later, although one patient reported benefits of several hours' duration. This in itself is not uncommon with adjunctive pain therapies. Moreover, such effects may be highly valuable for chronic pain sufferers, providing a brief respite from constant pain, i.e. a "pain holiday". \[[@bib48], [@bib49]\] This may help explain, why even though the effects of VR therapy appeared limited, many participants were very positive about its value in helping them self-manage their ongoing pain, especially given the absence of significant side-effects compared to pharmaceutical interventions. Additionally, there may be some benefits in terms of other heath aspects such as sleep and mobility, although in this study the evidence remains unclear.

Participants encountered considerable limitations in the usability of VR technology. The recently updated standard of usability defines usability according to three supporting factors: effectiveness, efficiency, and satisfaction throughout product usage, from learning to infrequent use to maintenance; the update further emphasizes a wider range of goals including personal outcomes: in this case, supporting users' individualized pain management goals \[[@bib57]\]. The participants in this study all described poor satisfaction with physical ergonomics, including general discomfort, wired tethers, problems using eye-glasses, and weight of the headset. Moreover, participants felt the technical operation and maintenance of VR equipment was a barrier to access (effectiveness). Despite developments of VR for the consumer market, use of the technology remains relatively complex. Technical support was another factor highlighted by the participants that may affect the usability of VR in practice. Although technical support was reportedly good for this project, this support involved dedicated resources that would also be required in real-world applications to support effective independent use at home. This is an important consideration when comparing cost-effectiveness with respect to other pain interventions. If a nurse, healthcare, or technical worker needs to support the management of a therapy, then this may decrease its utility. Additionally, economic accessibility was highlighted as a significant barrier, as a good quality VR setup currently costs over a thousand dollars. On the positive satisfaction side, participants found the ability to use the VR therapy at home an important advantage. They also suggested that being able use VR freely in a clinic would be beneficial. Such an arrangement would help with public access to VR as a pain management tool, as well as provide opportunity for individuals to test the value of this specific therapeutic approach for their own pain issues. As chronic pain is highly individually contextualized, these are important considerations, and these factors will influence adoption and acceptance of the technology, particularly the extent to which end-users can readily use the product in their daily lives.

In terms of adverse events, VR appears a safe and relatively side-effect free adjunctive therapy. Cybersickness remains the main negative effect identified by the participants, with almost all incidents occurring in the flying experience of Wildflowers. However, all of the participants developed some tolerance to this. Moreover, effective VR environment design and control of visual flow can help mitigate this problem \[[@bib50], [@bib51]\] Eye strain was also a reported issue for several people, and this may be more difficult to alleviate as current VR headsets all involve screens placed a few centimeters in front of the eyes. This may limit the practical use of VR to half an hour or so at a time. Other VR implementations using full-size room projectors are currently unwieldy for home use, and techniques attempting retinal image projection currently remain experimental \[[@bib52]\].

It is likely that distraction through cognitive engagement or relaxation are the main effects of the VR therapy. Both seem to involve the user in activities that psychologically remove them from their immediate pain experience. Engaging a powerful sense of presence seems an important aspect of the value of VR here, and must be created through seamless immersive technology in order to maximize the benefits for distraction from chronic pain. Future exploration of the value of VR for chronic pain using neurological studies to further identify the mechanisms involved may be useful.

Overall, the effectiveness of these interventions compared to other adjunctive chronic pain therapies such as massage, acupuncture, mindfulness relaxation, music therapy, or even placebo therapeutics remains to be established and well-controlled large randomized clinical trials are necessary to establish the size of any analgesic effect of VR as an adjunctive tool in chronic pain management.

A number of limitations of this study are acknowledged, in that as a qualitative inductive exploration with a small number of participants, varied types of cancer, chronic pain and varied timing of the VR interventions, the results may not be generalizable across wider chronic pain populations. Nevertheless, the nature of chronic pain is a highly personal experience, and as standardization is often unviable in clinical studies of this nature and the response to pain interventions on individuals\' experiences of pain also widely vary, it remains a useful area to explore. Additionally, this work only explored the use of cognitive engagement and meditative VR environments used from a static position, and so the outcomes may not necessarily be extrapolated to other types of VR interventions. However, these environments do represent the majority of those currently used in the clinical management of pain.

5. Conclusions {#sec5}
==============

This focus group study clarified users\' perceptions of the value of daily self-administered adjunctive VR therapy for helping to manage chronic pain and the aspects that detracted from its success. Overall, users reported mixed results with using VR for chronic pain, although the majority of respondents noted it was beneficial. Our findings also highlight unique usability considerations of applying VR for long-term pain management. While a minority found no benefit, some found it remarkably effective in providing pain relief for the period of use. Participants tended to prefer either relaxation-based or cognitive-engagement types of VR experiences, but not both, in helping to manage their pain. This reflects the highly personal nature, complexity, and impact of psychological mediation on a persons\' chronic pain experience. The main mechanism of action appears to be a powerful form of distraction where immersive VR facilitates a strong sense of presence in a novel environment, thereby directing attention away from pain. VR applications for chronic pain management may be best leveraged for maximum efficacy by offering a variety of experiences to mesh with individuals' preferences. Furthermore, there were few and no serious adverse effects of the VR therapy; the main issues were cybersickness with some applications and mild neck and eye ache with prolonged use.

The existing technical and economic limitations of using VR interventions may also present barriers to the uptake of it as a home-based therapeutic intervention for chronic pain. However, the technology and price of these systems is changing rapidly. The hardware and software has already advanced beyond the capabilities of the VR systems used in this study, and more optimal HMDs that are lightweight, wireless, and allow the use of glasses are now becoming available. In addition, the cost of systems is also gradually reducing as commercial uptake expands.

Future designs of VR systems for chronic pain management will need to address these considerations in order to achieve maximum utility in this area, and engaging chronic pain patients early in the design process of VR pain interventions is recommended. Finally, a qualitative study of this nature can only demonstrate the potential value of this technology for chronic pain management. Whilst full clinical trials are extremely difficult to manage in-vivo, further comparative trials of VR with larger and more standardized populations are also needed to establish its value as a therapeutic intervention in chronic pain management. Completion of our wider RCT will take place in 2020, when we will have further data to expand upon this work.
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